Faced with the constant growth of aging population, the need to promote an environment for healthy aging is expanding [1] [2] [3] . Although maintaining healthy behavior has been shown to be highly beneficial for older adults' health and wellbeing, the challenge remains in motivating the adoption and the long-term engagement in such behavior 4 . There are opportunities for emerging technology to increase older adults' engagement in being physically active and managing their health. Within the European REACH (Responsive Engagement of the Elderly promoting Activity and Customized Healthcare) project 5 , the goal is to learn the older adults' behavior by collecting physical activity and health related data in order to provide personalized health recommendation to them. For this purpose, we conducted an ethnographic study for data collection to get insights on older adults' readiness, willingness, and challenges to adopt pervasive sensors and applications for healthy ageing.
O r i g i n a l Opportunities and challenges for self-monitoring technologies for healthy aging: An in-situ study
Faced with the constant growth of aging population, the need to promote an environment for healthy aging is expanding [1] [2] [3] . Although maintaining healthy behavior has been shown to be highly beneficial for older adults' health and wellbeing, the challenge remains in motivating the adoption and the long-term engagement in such behavior 4 . There are opportunities for emerging technology to increase older adults' engagement in being physically active and managing their health. Within the European REACH (Responsive Engagement of the Elderly promoting Activity and Customized Healthcare) project 5 , the goal is to learn the older adults' behavior by collecting physical activity and health related data in order to provide personalized health recommendation to them. For this purpose, we conducted an ethnographic study for data collection to get insights on older adults' readiness, willingness, and challenges to adopt pervasive sensors and applications for healthy ageing.
The goal of this ethnographic study is three folded: First, we will obtain insights on older adults' attitudes towards increasing physical activity as well as their readiness towards tracking technologies. Second, we will identify senior's potential behavior changes as well as their usage intention. Third, we will shed light on the opportunities and barriers for them to be monitored and try to understand how they would integrate the system in their daily life.
We present here the findings of a 6-week study with 20 senior people using health monitoring sensors and applications in their home environment. We discuss senior individuals' readiness, willingness and challenges to accept such technology to manage their health. We then discuss their behavior change and aptitude for sustained usage at the end of the study.
Related woRks
A sufficient amount of moderate intensity physical activities (150 minutes) have been shown to have a substantial impact on older adults' (age > 65) health 6 , which would result in a stronger independence and a higher quality of life 7 . However, the vast majority of older population has difficulty in meeting this recommended lifestyle 8 .
Meanwhile, technologies for behavior change to promote healthy living are widely investigated in the research community 4, 9 . Researchers tested different technologies including pervasive sensors 10 and mobile applications [11] [12] [13] to help people track their health data. A rich body of work also leveraged goal-setting, rewards, and metaphors 
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to motivate healthy behavior change, such as promoting physical activities.
For senior adults, in particular, Schrack et al., 10 explored the efficiency of several wearable activity monitors, and Vichitvanichphong et al., 14 focused on the older adults' perceived value of assistive technologies. Several studies [15] [16] [17] using pervasive sensors as intervention showed promising results in terms of health awareness and small improvement in exercise levels, but no consistent changes have been observed. Consequently, despite these ongoing works on older adults' adoption of persuasive technology for behavior change, the barriers to senior's acceptance of these systems still need further investigations. The purpose of this study is an attempt to give more insights on older adults' opportunities and challenges in adopting such technologies for designers and engineers to propose personalized and adapted interventions that will induce steady changes in older adults' daily life.
Methodology

Participants
We recruited 20 older adult participants from a daily care home, a primary healthcare center and a main hospital in a large city in Switzerland. As we ensured the anonymity of participants' data, we were exempted to go through the institution's Ethical Committee. Our inclusion criteria were: 65+ years old, living at home, and in need of occasional help for their daily activities. The participants include 13 females and 7 males; among them 3 couples took part in the study together. Their ages range between 65 and 89, with a mean age of 77. 6 participants live alone and the rest live with their spouses. Only a few of them still have occasional social activities. 8 of them have serious health conditions limiting them in doing physical activities. All of them have a TV and watch it or use it as background noise on purpose. Most of them use landline phones for communication. 8 of them have smartphones, and among them, four use social media applications (WhatsApp) motivated by their grandchildren; one of them uses a pedometer application introduced by her daughter and 1 uses a photo editing app. 9 participants have tablets and use them mainly for watching news, searching on internet and listening to music. 2 of them had experience using pedometers before the study but they stopped using it after a year due to device failure.
We choose to include 20 participants to make sure our findings come to theoretical saturation. In a qualitative study, saturation is reached when additional participants do not provide additional insights. Guest et al., 18 , Crouch et al., 19 , and Strauss 20 suggests that saturation occurs around 12 participants if the group is homogeneous. A minimum of 15 participants is then necessary to ensure saturation. In line with other qualitative studies related to our subject [21] [22] [23] , we decided to include 20 participants.
Materials and incentives
We provided each participant with a fitness tracker and a smart scale. For fitness tracker, we chose Fitbit Charge 2 tracker (https://www.fitbit. com/charge2). For smart scales, half of the participants received the Fitbit Aria scale (https:// www.fitbit.com/aria) and the other half the Withings Body Cardio scale (https://www.withings. com/ch/en/products/body-cardio). We selected our sensor through a comparison of products based on a number of criteria from Yumak et al., survey 9 . These criteria include safety certifications, measurement accuracies, ease of use (wearability, battery life, data storage, ease of use of the software interface), usefulness (the range of information collected via the sensor), seamlessness of data transmission, data accessibility (using public API, manual download), and affordability-see Table 1 and Table 2 for the summary. Participants received the tracker and the scale as incentives at the end the study.
Procedure
We conducted a qualitative study with participants who used the sensors at their homes for 6 weeks. Each participant went through two main phases: the setup phase and the experiment phase (Figure 1 ). At the beginning of the setup phase, in-between the 2 phases and at the end of the experiment phase, we met the participants for individual interviews.
During the setup phase, the participants received the devices and familiarized them for 2 weeks. The goal of this phase is for them to get familiar with wearing and using the sensors and for the study conductors to identify any potential difficulties.
During the experiment phase, we randomly split the participants into two groups. The first group continued to use the devices for 4 weeks. For the second group, in addition to continuing to use the devices for 4 weeks, they also received visualizations about their activity data.
We then conducted 2 semi-structured interviews (at the beginning and at the end) and an intermediate debriefing (in-between) with each participant. We prepared the topics of interview questions by referring to the ethnographic methodologies by Sabelli et al., 24 and requirements for lifestyle management systems by Yumak et al., 9 We encouraged the users to share their experience and to show us how they used the devices at their
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own willingness. The interviews were conducted at the participant's home in French, which is the participants' native language. All the interviews were audio-recorded. We first debriefed them about the study and obtained their consents.
The pre-study semi-structured interview lasted around 60minutes. The goal was to understand participants' daily life, health condition and physical activities. We also aimed to know their technology usage and their expectation about technologies for health management and physical activity monitoring.
The intermediate debriefing lasted 15 minutes. The goal was to make sure that the participants could use the devices correctly and integrate them in their daily life. We started to get few feedbacks after a first usage. We then started the experiment phase and helped half of the participant visualize their activity and health parameters on the Fitbit application and the Withings application.
The post-study interview lasted around 45 minutes. The goal of this interview was to get user's feedback after interacting with the devices and to understand their acceptance and adoption of the tools, as well as the challenges they faced during the experiment.
Data analysis
We audio-recorded all interviews (total of 2,247 min), transcribed them into English, and analyzed the resulting 307,839 words according to the grounded-theory approach. After reading all the transcripts, we generated a starting list of codes based on the research questions and the patterns that emerged from the data. We then returned to the data and conducted a systematic axial coding to identify emergent themes. After several coding iterations, we identified and categorized the themes and reached a consensus.
Findings
In this section, we focus on the older adult people's perception on activity tracking devices before and after usage. Results on their attitudes on scales and visualization will be presented in another paper.
As our primary purpose in this paper is not to quantitatively measure the intervention effectiveness but rather to elicit users' experience in using self-monitoring technologies for healthy aging, we do not have a control group. However, the evolution of the participants' number of steps during the experiment showed an increase of 1609 steps. We compared the mean number of steps in Week 1 (4573) and the mean number of steps in Week 6 (6182).
Before usage Attitudes towards increasing physical activities
Regarding older adults' opinion about physical activity, different points of view emerged from the discussion. Most of them (n=14) were aware of the benefits of doing physical exercise for their health but failed to do so due to inability and lack of motivation. Before using the devices, our intent was to understand older adults' attitudes towards increasing physical activity as well as their readiness towards tracking technologies. The main barriers of being physically active were the absence of motivation, the incapacity due to health condition and the lack of perceived usefulness of physical exercise. Furthermore, although half of the participants were not technology oriented, personal interest and enthusiasm driven by family towards technology were observed.
After usage
For post-usage, two participants (P13 and P20) couldn't have been reached due to the wife hospitalization, so we analyzed the data based on 18 participants. S e l f -m o n i t o r i n g t e c h n o l o g i e s For P17, even though he was on a wheelchair, wearing the watch motivated him to move around. 
Behavioral change
Usage Intention
We investigated usage intention by looking at whether participants had the intention to continue using the device. Overall, 15 out of 18 participants expressed willingness to continue using the device, while 3 out of 18 participants did not plan to continue using it.
Participants were motivated to continue using the device because it was engaging, fun and allowed them to set personal goal and track their improvement. In total 15 participants kept the devices. Some of them (P5, P14, P17) even started to make plans and future goals with the tools. P5 ensured she will be able to charge it anywhere because she is planning to go on holiday in a few months. P14 wanted to know more about making a food plan through the application because he would like to lose weight. P17 who is half-paralyzed told us: "Now I do at least 2000 steps a day but my goal is to reach at least 3000 steps in summer".
We were surprised by P5 behavior. As she didn't know how to use a computer, she took the time to note every parameter in a notebook for every day of the experiment, without us asking her to do that. She started to self-reflect on her personal data and asked us to explain some parameters she couldn't understand. She was ready with a list of questions about how to use either a functionality of the devices either a data she couldn't understand. She said: "I liked it because it makes me have a goal and walk more. Someone told me that since the study is over now, I will have more time for other activities. But I told her that even if the study finished, I will continue to walk and record everything because I like it".
Although some of the participants (n=5) were a bit skeptical about the efficiency of the technological solution at the beginning and wanted to return the device to us at the end of the study, 4 of them changed their mind. P16 said: "it gives interesting information and it doesn't require so much effort from me, so I will keep it". P11 reported: "at first when you came, I thought what is this thing again, but you now, I find it very funny, I get used to the little message. It's like a game. If you told me you would take it now, I would feel that something is missing".
However, some participants did not want to use the devices anymore because of perceived inutility, unwanted behavior related to the tools, and S e l f -m o n i t o r i n g t e c h n o l o g i e s fear of the equipment negatively impacting their health. For example, P12 who has a lot of difficulty in walking gave us back the device at the end the study. She said: "I knew from the beginning that it wouldn ' 
t change anything in my daily life. My problem is really that I can't do much and it is not a technology that would tell me what I have to do".
Another participant (P2) also returned the watch but kept the scale. She didn't like the fact that she wanted to look at the watch all the time to see how much she has done. One participant (P9) dropped the study at the end of the setup phase. Due to a health problem that occurred during the experience, she preferred to stop using the devices, fearing that there would be a link to that.
discussion
Our findings shed light on the older adults' readiness, experience, and challenges for adopting technologies for healthy aging.
Opportunities
Our participants had different reasons to participate in the experience. 10 thought the experience would be interesting, 6 participated due to their trust in the institution which proposed the project and 4 said they accepted to take part in the study only to help the investigator. However, in the end 15 out of 18 kept the devices and had the intention to continue using them. While designing augmented reality game for older adults, Laine et al., 26 also observed hesitation in their participants at first, but discovered later that the team competitiveness succeeded to engage them in doing the physical exercise through the game. In our case, senior's usage intention and willingness to integrate the devices in their daily life could be explained by the systems simplicity, practicality, and the possibility to customize it to their needs and ability.
Participants also demonstrated a stronger motivation when the device usage was linked to a personal goal they set. The usefulness takes an important role in user willingness to adopt such devices. Designers of systems that encourage being physically active should consider emphasizing the added value of the technology usage. This could be done by offering timely feedback on the older adults' progress and giving easy to understand correlation between their daily activity and the variation of their personal parameters to allow a self-reflection on their behavior.
In addition, the devices really impacted some user's behavior and induced a relation of dependence. As the seniors broke their old habits to integrate a new system in their daily life, once getting used to it, it became a part of their lifestyle. They considered the device as a companion, a buddy that shows interesting information without constraining them. The need for timely information became greater as well as the need for receiving message that makes them less lonely. Considering this inter-relational aspect would benefit researchers who would want to increase long term engagement in technology usage for behavior change.
Challenges
Half of our participants showed interest and began to change little things in their behavior. Five participants didn't have any changes in their daily routine but used the tools only as a source of information. However, five participants still found it challenging to integrate in their daily life. The main reasons were linked to the fear of introducing novelty and breaking their old habits, the fear to be dependent of the tools, and the need of a human presence interacting with them.
The fear of novelty, introducing new things and breaking their daily routine remained a challenge for some of our participants. As people get older, they start to create a daily routine to facilitate they everyday life. In addition, although seniors are now more exposed to new technology, their acceptance of it is still difficult to achieve, mainly because of lack of adaptation of these systems to their age-related condition 27 and their lack of confidence in using the tools correctly. Considering these aspects, it becomes challenging to lead the older adults into creating new habits by inserting new unfamiliar elements in their lifestyle.
One important aspect addressed was also the fear to be dependent of the tools. While some older adult people needs to rely on something due to loneliness and the need of interaction and assistance, others do not find this relation of dependence acceptable. The sensation of being able to control the systems they are using is also very important to them. Engineers should propose a system that allows the older adults to turn it off when necessary, so that they would not feel obliged to look at it every time. Furthermore, designers should focus on positive improvement to avoid senior's culpability, which will decrease their fear of being dependent of the systems.
Finally, the last challenge we observed were linked to the need of social interaction. Although they found the tools interesting, most of them still value the interaction with others. One important aspect that researchers should take into account while designing intervention to encourage physical activity, is to involve real meeting with family, friends and peers through technology. Talking to people, commenting on the news around a coffee or discovering together a new neighborhood would be an efficient motivation for seniors to go out of their home.
conclusion
We conducted an ethnographic study for 6 weeks with 20 senior people at their home. The ultimate goal of this project is to understand whether the older adults would accept to be monitored and whether they would adopt and integrate such tools in their daily life. Although our procedure involved different sensors and setups, we mainly report in this paper older adult people's perception on activity tracking devices before and after usage. After 6 weeks of usage, we discovered changes in behavior and usage intention which allowed us to identify opportunities and challenges for the older adults to adopt sensors and application for health and activity management. This study showed the potential of acceptance and adoption of simple and manageable technology for behavior change. As for usage intention, some older adults start to be eager to learn new tools as long as they are able to do it, which is more and more influenced by family from younger generation. However, designers and engineers should consider older adults' fear introducing novelty in their daily life as well as their need for social interaction and their need to remain in control of any system given to them.
So far, this study focused mostly on the qualitative aspect, and particularly on physical activity tracking. In the future, we would focus on the impact of the scales and the data visualization presented in the procedure, go deeper in analyzing quantitatively the participants' data and identify potential guidelines for designing pervasive technology for healthy aging.
